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Abstract
Background: With an ageing population, the number of people with dementia is rising. The economic impact on
the health care system is considerable and new treatment methods and approaches to dementia care must be cost
effective. Economic evaluation requires valid patient reported outcome measures, and this study aims to develop a
dementia-specific health state classification system based on the Quality of Life for Alzheimer’s disease (QOL-AD)
instrument (nursing home version). This classification system will subsequently be valued to generate a preference-
based measure for use in the economic evaluation of interventions for people with dementia.
Methods: We assessed the dimensionality of the QOL-AD to develop a new classification system. This was done
using exploratory and confirmatory factor analysis and further assessment of the structure of the measure to ensure
coverage of the key areas of quality of life. Secondly, we used Rasch analysis to test the psychometric performance
of the items, and select item(s) to describe each dimension. This was done on 13 items of the QOL-AD (excluding
two general health items) using a sample of 284 residents living in long-term care facilities in Australia who had a
diagnosis of dementia.
Results: A five dimension classification system is proposed resulting from the three factor structure (defined as
‘interpersonal environment’, ‘physical health’ and ‘self-functioning’) derived from the factor analysis and two factors
(‘memory’ and ‘mood’) from the accompanying review. For the first three dimensions, Rasch analysis selected three
questions of the QOL-AD (‘living situation’, ‘physical health’, and ‘do fun things’) with memory and mood questions
representing their own dimensions. The resulting classification system (AD-5D) includes many of the health-related
quality of life dimensions considered important to people with dementia, including mood, global function and skill
in daily living.
Conclusions: The development of the AD-5D classification system is an important step in the future application of
the widely used QOL-AD in economic evaluations. Future valuation studies will enable this tool to be used to
calculate quality adjusted life years to evaluate treatments and interventions for people diagnosed with mild to
moderate dementia.
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Research highlights
 This study proposes a new health state classification
system for dementia based on the widely used
health-related quality of life instrument QOL-AD.
 This is the first step toward the development of a
new preference-based measure that improves the
estimation of QALYs in people with dementia
 This will help decision makers make better resource
allocation decisions relating to dementia treatment
and management
Background
Dementia is a progressive disorder of the brain that is
common in older populations. The damage to brain cells
as a consequence of dementia results in a loss of cogni-
tive ability, and the ability to think, reason and function.
This leads to a reduction in quality of life, for example
by affecting daily activities, including the ability to take
care of oneself. As the signs and symptoms of dementia
become worse it also affects the lives and emotional
wellbeing of families and carers [1, 2].
Given the aging of the population worldwide, the
number of people with dementia is expected to double
every 20 years, with the incidence of nearly 7.7 million
new cases per year [3]. The estimated worldwide cost of
dementia was US$604 billion in 2010, of which the most
dominant component is informal and social care. This
places dementia as the third most costly disease, just
after cancer and cardiovascular disorders [4]. In
Australia, an estimated 322,000 people had dementia in
2013 and this figure is projected to rise to almost
900,000 by 2050 [5, 6]. Dementia care is a significant fi-
nancial burden on the healthcare sector and society, and
will become the third largest source of health and resi-
dential aged care spending within two decades, with
costs forecast to be approximately 1% of gross domestic
product in Australia by 2030 [7]. Therefore it is impera-
tive that new treatment methods and approaches to care
are developed, and are cost effective.
Health care reimbursement agencies around the world
use cost utility analysis to determine the cost effective-
ness of new healthcare interventions. This approach uses
Quality Adjusted Life Years (QALYs) as a single index
measure of outcome that combines preference for both
length of life and its quality [8, 9], from which cost-per-
QALY ratios are calculated for the healthcare interven-
tions. In a QALY calculation, health-related quality of life
(HRQL) is usually used as it includes aspects of quality
of life that are affected by a health condition [10]. The
preference score (or “weight”) for HRQL used to gener-
ate QALY is usually measured on a scale of 0 (death) to
1 (full health), representing the preference (value) of dif-
ferent levels of health (i.e. health states). However, it can
be negative if the preference suggests there are health
states worse than death [9]. These weights are estimated
using the preferences of the population for relevant
health states which are elicited in health state valuations
using techniques such as time trade off, standard gam-
bles, and discrete choice experiments.
The QALY is widely used in economic evaluation of
healthcare interventions because it represents a common
unit of improvements (benefits) that enables comparison
between interventions when clinical outcomes are not
directly comparable. This comparative advantage is pos-
sible due to the critical assumptions that preferences is a
valid value measure, which can be measured across indi-
viduals, aggregated and used for the group; and a QALY
is a QALY regardless of who gains or loses it [11]. How-
ever, the QALY does not address the problem of com-
paring health and non-health outcomes because it only
measures health-related quality of life (by construct), not
social welfare [12].
The EuroQol five dimensions questionnaire (EQ-5D)
[13] is the most widely used generic preference-based
measure to provide utility values for use in the gener-
ation of QALYs. The EQ-5D measures HRQL in five di-
mensions (mobility, self-care, usual activities, pain/
discomfort and anxiety/depression) with three response
levels (none, some, extreme/unable). A five response
level version (EQ-5D-5 L) has also been developed [14].
The EQ-5D is a generic preference-based instrument,
meaning that it is intended to represent all relevant as-
pects of health regardless of disease area. However, its
validity is questionable in some health conditions and in
particular with regards to dementia. First, the descriptive
system may not be sensitive to the HRQL impacts of
particular conditions, meaning that interventions that
improve these aspects are not considered cost effective.
For example, cognition and social relationships are not
explicitly captured by the EQ-5D [15] while these as-
pects are considered important to the HRQL for those
with dementia [16, 17]. The absence of a cognitive com-
ponent in the EQ-5D is a significant challenge when
using the EQ-5D for diseases of the mind [18]. In
addition, relationships with family and social support are
important aspects of the HRQL for those with dementia,
but is not measured with the EQ-5D [19]. Second, there
is evidence that the EQ-5D has low validity as measure-
ment tool, due to ceiling effects and little correlation
with severity of dementia [18, 20]. Whilst a number of
studies have reported good reliability with the EQ-5D in
mild to moderate dementia conditions [21], known ceil-
ing effects within the EQ-5D leads to difficulty in deter-
mining utility values for severe conditions [17–20].
Third, a recent study found there are substantial prob-
lems of validity between patient and proxy ratings. With
the EQ-5D, different proxies have provided different
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ratings for the same patients’ health [18]. This is import-
ant in the field of dementia where proxies are often re-
lied upon to complete surveys on behalf of the patient.
Last but not least, there is evidence of mismatch be-
tween the EQ-5D and respondent generated attributes
[22]. As such, the validity of the EQ-5D for use in re-
source allocation in dementia may be limited [23].
On the other hand, there are a number of
dementia-specific HRQL instruments, such as quality
of life in Alzheimer's disease (QOL-AD) [24, 25], de-
mentia quality of life instrument (DQOL) [26], quality
of life questionnaire for dementia (QOL-D) [27], and
dementia-specific health-related quality of life instru-
ment (DEMQOL) [28]. While these instruments are
frequently used in studies exploring HRQL of people
with dementia, unfortunately, these instruments are
not preference-based and therefore cannot be used to
calculate QALYs for economic evaluations. To deal
with this deficit, there has been interest in the devel-
opment of preference-based measure from dementia-
specific instruments. The DEMQOL-U [29, 30], which
was developed from the DEMQOL, is such an ex-
ample. DEMQOL-U measures dementia-specific
HRQL on five dimensions (positive emotion, cogni-
tion, negative emotion, relationships and loneliness)
and has been demonstrated to have a similar validity
to EQ-5D [29]. However, it has been suggested that
DEMQOL-U may be limited as it does not directly
measure physical health [31].
Arons et al. (2015) recently developed a 6-dimension
preference-based instrument for dementia (DQI) that
covers physical health along with mood, memory, self-
care, social functioning and orientation. The health state
values were derived from professionals working with
people with dementia (N = 207) and respondents from
the general population (N = 631), using a discrete choice
experiment. However, further work is required on the
validity of the DQI given that it was not developed from
an existing psychometrically validated HRQL tool.
The QOL-AD is a valid HRQL instrument for use with
people with mild to moderate dementia [32]. It is a
brief-measure that is widely used in clinical trials and
observational studies, and has been validated in at least
ten countries with evidence of psychometric acceptabil-
ity and sensitivity to psychosocial interventions [16]. A
proxy version is recommended for those with severe
dementia [33].
In this paper, we describe the development of a
dementia-specific health state classification system based
on the QOL-AD instrument. This is the first step toward
a complete preference-based measure that can be used
in economic evaluations of interventions for people with
a diagnosis of dementia or cognitive decline (the second
step involves a valuation study to develop a utility scale
for use in the estimation of QALYs). This instrument
will be called AD-5D and will be the first dementia-
specific preference-based HRQL instrument with a value
set based on the preferences of the Australian popula-
tion that accepts condition-specific utility values for use
in a resource allocation decision making system [34].
Data and methods
QOL-AD instrument
The QOL-AD was originally developed as a 13-item in-
strument designed to collect HRQL information from
people with Alzheimer’s disease [24, 25]. It evaluates the
patient’s physical condition, mood, interpersonal rela-
tionships, ability to participate in meaningful activities,
and financial situation. These domains are considered
important in cognitively impaired adults [16]. Each item
is rated on a four-point scale: 1 = poor and 4 = excellent.
Two of the 13 items are global measures: ‘self as a whole’
and ‘life as a whole’. An adaption with 15 items was de-
veloped for use in long-term care facilities (Table 1) [35].
This version shares ten items with the original version
and includes five new items that assess patient relation-
ships with staff, keeping busy, self-care, living with
others, and making choices. The caregiver version was
used in this study, with the specification that items
appearing on both versions of the instrument would be
included in the classification system. Each adaptation of
the QOL-AD has two versions; one is completed by the
patient (self-rated), and one by the caregiver (proxy-
rated). When both patient and carer instruments are
used, a weighted composite score is calculated by giving




The sample with QOL-AD data consisted of 284 resi-
dents living in 35 long-term care facilities in South-East
Queensland, Australia. Participants’ age ranged from 60
to 100 years. All participants had a diagnosis of demen-
tia, of whom 32% had Alzheimer’s disease, 15% had vas-
cular dementia, and the rest had other forms of
dementia (including dementia with Lewis body, fronto-
temporal lobar degeneration, alcohol related dementia
and other unspecified forms). Of the cohort, 76% were
female, 57% older than 85 years of age and 11% had
English as their second language.
Procedures
The long-term care adaption of the QOL-AD was ad-
ministered to people living with dementia in nursing
homes who were involved in a cluster randomised con-
trolled trial that examined usual care with an interactive
therapeutic robot and with a look-alike plush toy
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(without the robotic features) [36]. Of the 15 items, the
two global HRQL items were administered but are not
relevant for inclusion in a health state classification.
Therefore, all data analyses were performed on the 13
individual items.
Classification system development
Brazier and colleagues [37] have described a six stage
process for developing a preference-based instrument
from an existing condition-specific HRQL measure. This
has previously been used to provide a basis for the deriv-
ation preference-based indices for dementia (DEMQOL-
U) [29], cancer (EORTC-8D) [38], asthma (AQL-5D)
[39], overactive bladder (OAB-5D) [40], and urinary in-
continence (KHQ) [41].
The first four stages of this process involve the deriv-
ation of a health state classification system: dimension
assessment (stage 1), item assessment and selection
(stage 2), item level reduction (stage 3) and validation of
the classification system (stage 4). The last two stages
are a valuation survey (stage 5) and modelling health
state values (stage 6) to develop the appropriate algo-
rithm to obtain utility values for the preference-based
measures [37].
This paper presents the first three stages of the
process of developing a preference-based instrument
from the QOL-AD.
Dimensionality assessment (stage 1)
We conducted exploratory factor analysis to investigate
the number of latent constructs (i.e. factors or dimen-
sions) underlying the items, and the magnitude of cor-
relation between items and each dimension. Factor
extraction was conducted using promax (oblique) rota-
tion which assumes that factors are related. The factor
models were selected based on the eigenvalues, total
variance, and the meaningfulness of the factors. We used
factor loading above 0.3 as a cut-off point, as suggested
in previous studies [37].
Confirmatory factor analysis was then performed for
model selection. Fit statistics such as the comparative fit
index and root mean square errors of approximation
were compared across models. A comparative fit index
greater than 0.90 and a root mean square errors of ap-
proximation lower than 0.05 indicate an acceptable
model fit [42].
In the development of a condition specific preference-
based measure, it is important to represent the key di-
mensions in the original measure as clearly as possible.
Table 1 Quality of life Alzheimer’s Disease (QOL-AD) instrument
Original Long-term care adaptation Short names
How do you feel about your physical health? How do you feel about your physical health? Physical health
How do you feel about your energy level? How do you feel about your energy level? Energy
How has your mood been lately? How has your mood been lately? Mood
How about your living situations? How do you feel about the
place you live now?
How about your living situations? How do you feel about the
place you live now?
Living situation
How about your memory? How about your memory? Memory
How about your family and your relationship with family
members?




How do you feel about your marriage? Marriage




How would you describe your current relationship with your
friends?
How would you describe your current relationship with your
friends?
Friendship
How do you feel about yourself when you think of yourself
overall and all the different things about you?
How do you feel about yourself when you think of yourself
overall and all the different things about you?
Self-overall
How do you feel about your ability to keep busy? Keep busy
How about your ability to do fun things that you enjoy? How about your ability to do fun things? Do fun things
How do you feel about your ability to take care of yourself? Take care of self
How do you feel about your ability to live with others? Live with other
How about your ability to make choice in your life? Make choice
How do you feel about your current situation with money, your
financial situations?
Financial situation
When you think of your life overall, everything together, how
do you feel about your life
When you think of your life overall, everything together, how
do you feel about your life?
Life overall
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However factor analysis may produce models that do
not include a dimensionality structure with all of the key
dimensions of the original measure. Therefore, the over-
all structure of the measure was assessed by the project
team alongside the factor analysis to ensure that all of
the key dimensions were included in the classification
system structure.
Item assessment and selection (stage 2) and item level
reduction (stage 3)
Following the factor analysis, we conducted Rasch ana-
lysis for each identified factor. The purpose was to test
and to eliminate items that did not perform well or ac-
curately represent the dimension, and to select items to
include in the classification system. This analysis was
performed using RUMM2030 software [43].
The Rasch model
The Rasch model belongs to a class of item response
theory statistical models. Item response theory takes the
modern test theory approach, in which the focus is mod-
elling the probability of a person’s response to an item
as a function of the underlying trait and the item param-
eter. Item response theory is an improvement over clas-
sical test theory because it provides a statistical model of
how and why individuals respond as they do to an item
– and independently, about the items themselves. In
practice, the Rasch model has been used for analyses of
the psychometric properties of composite measures such
as cognitive and personality traits, health outcomes, and
HRQL where unidimensional constructs within the mea-
sures are assessed.
In Rasch analysis, a mathematical model is specified
that provides the link between item scores and the hypo-
thetical latent trait. It assumes that the probability of en-
dorsing an item is a logistic function of the relative
difference between item location (difficulty) and person
location (ability) on a linear scale [44]. In other words,
Rasch analysis assesses the performance of individual
items in relation to the underlying trait. Details of the
model and its advantages have been extensively de-
scribed (see for example [45] and [46]).
The Rasch model is based on three major assump-
tions: unidimensionality, local independence, and invari-
ance [44]. Unidimensionality means the (included) items
measure a single underlying trait (e.g., physical function-
ing or social relationships). Local independence refers to
the assumption that the trait is the sole influence on a
person’s response to an item. Differential item function-
ing (or invariance) states that the estimation of item pa-
rameters is independent of the sample of respondents
used to derive the estimate.
Criteria used to test item performance
In our analysis, these assumptions were investigated
using the following indicators: response category order-
ing, item-fit and person-fit, differential item functioning,
and person and item separation reliability [44].
When respondents are unable to distinguish between
response categories (levels) for a particular item or the
categories are not working as intended, the item exhibits
response disordering. This was assessed by determining
whether there was a monotonic increase across thresh-
olds for each item. We merged adjacent response op-
tions for the disordered item or discarded them if other
items were not disordered and perform comparably by
other indicators.
Item and person fit was measured by three overall fit
statistics. The person-fit and item-fit statistics with mean
approximately zero and a standard deviation around
unity indicate a good fit as these two statistics were
transformed to approximate z-distributions. The item-
trait interaction statistics follow a chi square distribution
that reflects the property of invariance across that trait.
An insignificant chi square indicates that the hierarchical
ordering of items does not vary across the trait, suggest-
ing a good fit [45]. A common cause for poor fit is that
the items may measure another latent trait, leading to
multidimensionality. Removal of misfitting items may re-
store unidimensionality. Outliers (respondents with un-
expected or extreme responses) may also affect model fit
at the item level. Removal of these outliers can make a
significant difference to the dimension’s internal con-
struct validity. During the analysis, where misfit was
identified, we removed items causing multidimensional-
ity until the Rasch model statistics showed an acceptable
fit.
Differential item functioning can also affect model fit.
This occurs when different groups within the sample
(e.g., male versus female) respond in a different manner
to an individual item, despite the similarity in the under-
lying characteristics being measured. Differential item
functioning can be assessed by producing independent
estimates of item location using subgroups of individ-
uals. Here, we tested the differential item functioning by
gender, age and whether or not English was the second
language, the three available individual characteristics.
Item and person separation statistics indicate the
spread of items and persons along the latent scale, and
thus the discriminatory power of individual items. The
person separation index differentiates individuals on the
constructed scale, while the item separation index iden-
tifies item hierarchy [47]. Low person separation (<0.8)
implies that the instrument may not be sensitive enough
to distinguish between extreme responses. A sample
with higher response variance and/or an instrument with
more items may improve person separation index. Low
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item separation (<0.9) implies that the sample is not
large enough to confirm the item construct validity of
the instrument. The item separation index can be im-
proved with a large item response range and/or a large
sample of individuals.
Results
Table 2 shows the summary statistics of QOL-AD scores
for the 13 items. The overall amount of missing data
varied across individual items: the lowest missing rate
was attributable to item 1 (‘physical health’, 3%) and
highest missing rate to item 13 (‘ability to make choices’,
19%). Most items were free of floor and ceiling effects,
shown by the low proportion (less than 20%) of partici-
pants that answered the minimum and maximum score
possible. Items 6 and 7 (relationship with family and
staff ) exhibited a slight ceiling effect. However, most re-
sponses fell into the middle response categories. The
Cronbach's alphas for the total score (0.853) and for in-
dividual items indicate high internal consistency. The
average inter-item correlations of all items are relatively
low, suggesting the multidimensional property of the
QOL-AD instrument.
Dimensionality assessment (stage 1)
The exploratory and confirmatory factor analysis indi-
cated that a three factor model fitted the data after ex-
cluding item 3 (mood) and item 5 (memory). ‘Memory’
did not load on any factor, which was likely due to the
different construct measured by this item in comparison
to all other items. ‘Mood’ was separated out as an indi-
vidual dimension due to its face validity: it has been sug-
gested that mood is a relevant HRQL domain for people
with dementia [16, 17]. The remaining three factors were
defined as ‘interpersonal environment’, ‘physical health’
and ‘self-functioning’. Rasch analyses were conducted
based on these three dimensions.
Item performance and selection (stage 2) and item level
reduction (stage 3)
Tables 3 and 4 display the goodness of fit for the Rasch
models and the item-by-item psychometric and Rasch
analyses for the three dimensions identified by the factor
analyses. The results for each of the three dimensions
are described below.
Interpersonal environment
All six items were ordered on the logit scale. These
items fitted the model well in terms of fit residual and χ2
p-value. The person-item threshold distribution dis-
played slightly weak targeting at both negative and posi-
tive ends. Outliers were identified and removed to
improve the model fit. However, this did not improve
the overall fit considerably. Item 6 (family relationship)
and item 7 (staff relationship) displayed lowest range
and spread at logit 0. Item 13 (make choice) and item 12
(live with others) displayed the largest range. However,
both of them exhibited differential item functioning:
item 13 by age and item 12 by language group. As such,
they were not considered further for health state classifi-
cation. Item 4 (living situation) and item 8 (friendship)
covered similar range, and neither exhibited differential
item functioning. Conceptually, item 4 is better at meas-
uring key characteristics of interpersonal environment
and is therefore a strong candidate to use in the classifi-
cation system.
Table 2 Summary statistics






Item 4 Living situation 256 9.86 1.754 0.839 8.59 17.19 0.341 0.843
Item 6 Family 259 8.80 1.931 0.828 7.72 23.17 0.683 0.852
Item 7 Staff 247 13.03 1.899 0.766 4.45 20.24 0.380 0.850
Item 8 Friends 237 16.55 1.814 0.797 7.17 16.88 0.590 0.844
Item 12 Live with others 239 15.85 1.703 0.820 8.79 14.23 0.465 0.840
Item 13 Make choices 229 19.37 1.729 0.820 9.17 14.41 0.398 0.837
Item 1 Physical health 276 2.82 1.634 0.849 12.32 11.96 0.814 0.846
Item 2 Energy 273 3.87 1.516 0.862 14.29 10.26 0.626 0.839
Item 9 Keep busy 243 14.44 1.593 0.864 13.17 11.93 0.757 0.839
Item 10 Do fun things 238 16.20 1.542 0.917 15.13 14.29 0.757 0.836
Item 11 Self-care 243 14.44 1.765 0.822 7.41 17.28 0.396 0.843
Item 3 Mood 261 8.10 1.586 0.793 9.96 9.20 - 0.842
Item 5 Memory 263 7.39 1.430 0.866 16.35 8.75 - 0.843
Abbreviations: Std. Dev. standard deviation, min minimum, max maximum
aCronbach’s alpha for individual item is calculated as the overall alpha when the item is excluded from the pool
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Physical health
The Rasch analysis showed that item 1 (physical health)
had better overall fit statistics compared to item 2 (en-
ergy). The person-item threshold distribution suggested
that there are no item thresholds at the person locations
at either negative or positive ends. Item 2 exhibited dif-
ferential item functioning by gender and therefore was
not considered further for the classification system. Item
1 was selected to represent the dimension.
Self-functioning
The response categories for two items were ordered on
the logit scale. Item 11 (take care of self ) was disordered.
Rasch analysis of two items, item 9 (keep busy) and item
10 (do fun things), displayed good fit statistics. Item 9
covered a larger range than item 10; however, it exhib-
ited differential item functioning by age. Therefore item
10 was chosen to represent the dimension.
Final classification system
The final health state classification following the factor
analysis and the Rasch models include the following five
items: memory, mood, living situation, physical health
and do fun things. Conceptually, the ‘memory’ item
stands alone as a measure for cognitive decline. We felt
that ‘mood’ was sufficient to represent a latent trait
other than the three identified traits (physical, interper-
sonal environment and self-functioning). ‘Living situ-
ation’, ‘physical health’ and ‘do fun things’ were chosen to
represent the three sub-scales of ‘interpersonal environ-
ment’, ‘physical’ and ‘self-functioning’. The items and re-
sponse levels were developed into a dementia-specific
health state classification system (and named AD-5D)
and this is displayed in Table 5.
Discussion
This is the first study undertaking a comprehensive di-
mensional and Rasch analysis of the QOL-AD to de-
velop a dementia-specific health state classification
system, the AD-5D. We performed exploratory and con-
firmatory factor analyses and Rasch analysis to investi-
gate the latent factor structure and scaling properties of
the QOL-AD and produce a classification system. From
the factor analyses, we identified three multiple-item di-
mensions, named ‘interpersonal environment’, ‘physical’
and ‘self-functioning’ and two one-item dimensions
(‘memory’ and ‘mood’). Through the iterative process of
Rasch analysis, we found that the three dimensions of
‘interpersonal environment’, ‘physical’ and ‘self-function-
ing’ could be represented by three items (‘living situ-
ation’, ‘physical health’, and ‘do fun things’). With the
inclusion of memory and mood, this results in a five-
Table 3 Goodness of fit to the Rasch model for each dimension (factor)
Dimensions χ2 (df) p-value Item fit (SD) Person fit (SD) PSI
Interpersonal environment 37.9 (36) 0.830 0.064 (1.004) −0.708 (1.590) 0.577
Physical health 10.9 (10) 0.358 0.666 (0.130) −0.405 (0.749) 0.128
Self-functioning 4.1 (10) 0.941 0.015 (0.020) −1.032 (1.310) 0.443
Abbreviations: SD standard deviation, PSI person separation index
Table 4 Rasch analysis results by individual items
Response category ordering Item range Fit residuals χ2 p-value DIF
Interpersonal environment
Item 4 Living situation Ordered −1.636 1.879 1.633 0.169 No DIF
Item 6 Family Ordered −1.428 2.012 −0.311 0.597 Age
Item 7 Staff Ordered −1.373 1.667 −1.481 0.247 No DIF
Item 8 Friends Ordered −1.634 1.932 0.207 0.977 No DIF
Item 12 Live with others Ordered −1.827 2.318 0.223 0.738 Age
Item 13 Make choices Ordered −1.978 2.467 0.113 0.951 ESL
Physical health
Item 1 Physical health Ordered −1.183 1.691 0.758 0.441 No DIF
Item 2 Energy Ordered −1.282 1.801 0.574 0.288 Gender
Self-functioning
Item 9 Keep busy Ordered −2.291 2.588 0.000 0.934 Age
Item 10 Do fun things Ordered −1.958 2.563 0.029 0.725 No DIF
Item 11 Self-care Disordered (poor/fair) - - - - -
Abbreviations: DIF differential item functioning
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item health state classification system based on the
QOL-AD instrument. These items cover the HRQL do-
mains that are considered most relevant to people with
dementia, including mood, global function and activities
of daily living [16, 17]. The results of the Rasch analysis
suggest that the QOL-AD has a level of validity for use
in the assessment of HRQL in dementia, and therefore
provides a strong base from which to generate a
dementia-specific health state classification system. The
results also support previous work assessing the psycho-
metric acceptability of the QOL-AD for use in people
with dementia and cognitive decline [25, 48].
This new health state classification system is the first
step toward developing a preference-based instrument
to measure HRQL in people with dementia from the
QOL-AD. The next step is to undergo a valuation exer-
cise to generate utility weights to produce a utility scale
based on the preferences of the general population that
can be used in the economic evaluations of healthcare
interventions for people with dementia. This will be the
first dementia-specific preference-based instrument
based on the preferences of the Australian population,
and the resulting utility scale will be used in the estima-
tion of QALYs for dementia-specific interventions in a
decision making process [34].
Our instrument is has some differences to other
dementia-specific preference-based instruments, such as
the DEMQOL-U [29] and the DQI [26], and further
testing is required to understand the advantages and dis-
advantages of each. The DEMQOL-U does not include
dimensions measuring ‘physical health’ and ‘skills in daily
living’, and these may be considered relevant and import-
ant for people with dementia. The DEMQOL from
which it is derived has not yet been widely used in clin-
ical practice. The DQI is a 3-level 6-domain instrument
that covers physical health, mood, memory, self-care, so-
cial functioning and orientation so there are some simi-
larities in terms of item coverage, and further work
should test the psychometric performance of both de-
scriptive systems. Separately it will be important to test
and compare the characteristics of the utility value sets
which may differ due to the valuation methods used,
and this may have implications for the QALY estimates
derived from each instrument.
Following development of the utility scale for the AD-
5D, there will also be the need to psychometrically test
the values produced alongside those from the other
dementia-specific measures and generic measures such
as the EQ-5D. This could be done by assessing overlap
in the constructs measured by the descriptive systems,
and by determining the importance of the divergence in
the constructs measured. This would enable us to
understand the importance of dimensions that are not
universal across all of the classification systems. If this
analysis proves favourable, the AD-5D could be recom-
mended for use in people with dementia, and has the
potential to be widely used given that the QOL-AD is a
popular instrument for use in people with dementia and
cognitive decline [16].
In the economic evaluation of interventions and
treatments for dementia the QALY, which focuses on
HRQL, is the widely used metric. However, recent re-
search has focused on the potential for using capabil-
ities to measure the outcome of interventions, and
this resulted in the development of the capability
measure for older people (ICECAP-O) which mea-
sures capabilities such as attachment, security and
control in older people [49, 50]. In measuring the
outcomes of dementia interventions, the assessment
of both HRQL and capabilities could be important,
and therefore assessing the relationship between both
types of measures could be informative, and result in
a more holistic assessment of the impacts of dementia
on the individual.
This study has limitations that should be considered.
First, the data was collected using the QOL-AD nursing
home version. While this version has been validated and
widely used in trials and observational studies involving
nursing home residents, there remain domain discrepan-
cies between it and the (original) community-dwelling
version. Within the scope of this study, we could not
verify how well the new classification system represents
HRQL dimensions in the QOL-AD community-dwelling
version. Secondly, our sample was drawn from one sin-
gle study in Australia, although participants were from
35 long-term care facilities. These participants may have
certain characteristics and it would be useful to repeat
Table 5 Proposed health state classification system for the new
preference-based instrument AD-5D
Dimension Descriptions
Memory You have excellent memory
You have good memory
You have fair memory
You have poor memory
Mood You have excellent mood
You have good mood
You have fair mood
You have poor mood
Physical health You have excellent physical health
You have good physical health
You have fair physical health
You have poor physical health
Living situation You have excellent living situation
You have good living situation
You have fair living situation
You have poor living situation
Do fun things You have excellent ability to do fun things
You have good ability to do fun things
You have fair ability to do fun things
You have poor ability to do fun things
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the analysis on other samples. Thirdly, given that we
used the self-report version, we do not know the extent
to which the classification system is valid for the carer
report version, and this is an area for further work.
Fourthly, the results have not been validated on other
samples as has been done in other health state classifica-
tion system development work. Finally, the data did not
contain information about the severity of dementia
among participants. It was not possible to understand
whether or not there were response differences by sever-
ity. We therefore do not know the extent to which the
classification system is equally valid for different demen-
tia spectrum, from mild to moderate and severe.
Conclusion
This study proposes a new preference-based instrument
(AD-5D) derived from the available health-related qual-
ity of life measure QOL-AD. The new classification sys-
tem consists of five dimensions with four levels in each
dimension. This is an important step in the future appli-
cation of this commonly used HRQL measure for de-
mentia in economic evaluations. Future valuation
studies will enable this tool to be used to calculate
QALYs in the economic evaluation of treatments and in-
terventions for people diagnosed with dementia in any
setting where the QOL-AD nursing home version has
been used.
Abbreviations
AQL-5D: Preference-based measure for Asthma Quality of Life Questionnaire;
DEMQOL: Dementia specific health-related quality of life instrument; DEM-
QOL-U: Dementia specific health-related quality of life with preference-based
measure; DQI: Preference-based instrument for dementia; DQOL: Dementia
quality of life instrument; EORTC-8D: Cancer preference-based instrument;
EQ-5D: EuroQol five dimensions questionnaire; HRQL: Health-related quality
of life; ICECAP-O: Capability measure for older people; KHQ: King’s Health
Questionnaire for urine incontinence; NICE: National Institute for Health and
Care Excellence; PBAC: Pharmaceutical Benefits Advisory Committee;
QALY: Quality Adjusted Life Year; QOL-AD: Quality of life for Alzheimer’s
disease instrument; QOL-D: Quality of life questionnaire for dementia
Acknowledgement
We acknowledge colleagues from the NHMRC Cognitive Decline Partnership
Centre and the Center for Applied Health Economics at Griffith University,
who provided insight and expertise that greatly assisted the research. Thanks
go to the investigators of the therapeutic robotic animal on older people
with dementia living in long-term care in South-East Queensland (Australia)
project for the secondary use of the QOL-AD data. Thanks are expressed to
all aged care organisations, facilities, care staff, residents and families who so
generously took part in the original research.
Funding
This study was funded by the Population and Social Health Research
Program, Griffith University. The data collection was funded by a National
Health and Medical Research Grant (NHMRC) Project Grant APP1065320.
Availability of data and materials
The data was collected under the “therapeutic robotic animal on older
people with dementia living in long-term care in South-East Queensland,
Australia”. Under the data confidentiality agreement, it is not yet available for
the use outside the scope of project.
Authors’ contributions
WM carried out the data collection under the “Therapeutic robotic animal on
older people with dementia living in long-term care” project, and helped to
draft the manuscript. KHN, TC and BM designed the study. KHN, BM, SJ, JB
and TC performed the data analyses and drafted the manuscript. All authors
read and approved the final manuscript.
Competing interest
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study undertook secondary analysis of the QOL-AD data from a larger
program of research exploring the impact of a therapeutic robotic animal on
older people with dementia living in long-term care in South-East Queensland,
Australia. The study was conducted in accordance with the ethical principles
stated in the Declaration of Helsinki, with ethical approval obtained from the
University Human Ethics Committee (NRS/03/14/HREC) and care organisations.
All participating residents, families and staff provided written informed consent
– either personally or via proxy – at the time of enrolment.
Author details
1Center for Applied Health Economics, Menzies Health Institute Queensland,
Griffith University, Meadowbrook, QLD 4131, Australia. 2The NHMRC
Cognitive Decline Partnership Centre, Sydney, Australia. 3Centre for Health
Economics Research and Evaluation, University of Technology Sydney,
Sydney, Australia. 4Centre for Health Practice Innovation, Griffith University,
Brisbane, Australia. 5Metro North Hospital and Health Service District,
Brisbane, Austrralia.
Received: 23 June 2016 Accepted: 7 January 2017
References
1. Moyle W, Fetherstonhaugh D, Greben M, Beattie E. Influencers on quality of
life as reported by people living with dementia in long-term care: a
descriptive exploratory approach. BMC Geriatr. 2015;15:50. doi:10.1186/
s12877-015-0050-z.
2. Nay R, Bauer M, Fetherstonhaugh D, Moyle W, Tarzia L, McAuliffe L. Social
participation and family carers of people living with dementia in Australia.
Health Soc Care Community. 2015;23:550–8. doi:10.1111/hsc.12163.
3. World Health Organisation, Dementia: a public health priority. Geneva:
World Health Organiation; 2012. http://apps.who.int/iris/bitstream/10665/
75263/1/9789241564458_eng.pdf?ua=1.
4. Colucci L, Bosco M, Fasanaro AM, Gaeta GL, Ricci G, Amenta F. Alzheimer’s
disease costs: what we know and what we should take into account.
J Alzheimers Dis. 2014;42:1311–24.
5. Australian Institute of Health and Welfare. Dementia care in hospitals: costs
and strategies. 2013.
6. Access Economics. Dementia Across Australia 2011–2050.pdf. Deloitte
Access Economics Pty Ltd; 2011.
7. Access Economics. Keeping dementia front of mind: incidence and
prevalence 2009–2050. Access Economics; 2009
8. Torrance GW. Utility approach to measuring health-related quality of life.
J Chronic Dis. 1987;40:593–600. doi:10.1016/0021-9681(87)90019-1.
9. Karlawish JH, Zbrozek A, Kinosian B, Gregory A, Ferguson A, Glick HA.
Preference-based quality of life in patients with Alzheimer’s disease.
Alzheimers Dement. 2008;4:193–202. doi:10.1016/j.jalz.2007.11.019.
10. Perales J, Cosco TD, Stephan BCM, Haro JM, Brayne C. Health-related
quality-of-life instruments for Alzheimer’s disease and mixed dementia. Int
Psychogeriatr. 2013;25:691–706. doi:10.1017/S1041610212002293.
11. Whitehead SJ, Ali S. Health outcomes in economic evaluation: the QALY
and utilities. Br Med Bull. 2010;96:5–21. doi:10.1093/bmb/ldq033.
12. Cookson R, Culyer A. Measuring overall population health: the use and
abuse of QALYs, Chapter 10. In: Killoran A, Kelly M, editors. "Evidence based
in public health: effectiveness and efficiency". Oxford:University Press; 2010.
13. Brooks R. EuroQol: the current state of play. Health Policy. 1996;37:53–72.
doi:10.1016/0168-8510(96)00822-6.
Nguyen et al. Health and Quality of Life Outcomes _#####################_ Page 9 of 10
14. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al.
Development and preliminary testing of the new five-level version of EQ-5D
(EQ-5D-5 L). Qual Life Res. 2011;20:1727–36. doi:10.1007/s11136-011-9903-x.
15. Neumann PJ. Health utilities in Alzheimer’s disease and implications for
cost-effectiveness analysis. Pharmacoeconomics. 2005;23:537+.
16. Bowling A, Rowe G, Adams S, Sands P, Samsi K, Crane M, et al. Quality of life
in dementia: a systematically conducted narrative review of dementia-
specific measurement scales. Aging Ment Health. 2014;19:13–31. doi:10.
1080/13607863.2014.915923.
17. Smith SC, Murray J, Banerjee S, Foley B, Cook JC, Lamping DL, et al. What
constitutes health-related quality of life in dementia? Development of a
conceptual framework for people with dementia and their carers. Int J
Geriatr Psychiatry. 2005;20:889–95. doi:10.1002/gps.1374.
18. Hounsome N, Orrell M, Edwards RT. EQ-5D as a quality of life measure in
people with dementia and their carers: evidence and key issues. Value
Health. 2011;14:390–9. doi:10.1016/j.jval.2010.08.002.
19. Thorgrimsen L, Selwood A, Spector A, Royan L, de Madariaga LM, Woods
RT, et al. Whose quality of life is it anyway?: the validity and reliability of the
Quality of Life-Alzheimer’s Disease (QoL-AD) Scale. Alzheimer Dis Assoc
Disord. 2003;17:201–8. doi:10.1097/00002093-200310000-00002.
20. Longworth L, Yang Y, Young T, Mulhern B, Hernández Alava M, Mukuria C,
et al. Use of generic and condition-specific measures of health-related
quality of life in NICE decision-making: a systematic review, statistical
modelling and survey. Health Technol Assess. 2014;18. doi:10.3310/hta18090
21. Wolfs CA, Dirksen CD, Kessels A, Willems DC, Verhey FR, Severens JL.
Performance of the EQ-5D and the EQ-5D + C in elderly patients with
cognitive impairments. Health Qual Life Outcomes. 2007;5:33. doi:10.1186/
1477-7525-5-33.
22. Silberfeld M, Rueda S, Krahn M, Naglie G. Content validity for dementia of
three generic preference based health related quality of life instruments.
Qual Life Res. 2002;11:71–9. doi:10.1023/A:1014406429385.
23. Riepe MW, Mittendorf T, Förstl H, Frölich L, Haupt M, Leidl R, et al. Quality of
Life as an outcome in Alzheimer’s disease and other dementias- obstacles
and goals. BMC Neurol. 2009;9:47. doi:10.1186/1471-2377-9-47.
24. Logsdon R, Gibbons L, McCurry S, Teri L. Quality of life in Alzheimer’s
disease: patient and caregiver reports. J Ment Health Aging. 1999;5:21–32.
25. Logsdon R, Gibbons L, McCurry S, Teri L. Assessing quality of life in older
adults with cognitive impairment. Psychosom Med. 2002;64:510–9.
26. Brod M, Stewart AL, Sands L, Walton P. Conceptualization and measurement
of quality of life in dementia: the dementia quality of life instrument
(DQoL). Gerontologist. 1999;39:25–36.
27. Terada S, Ishizu H, Fujisawa Y, Fujita D, Yokota O, Nakashima H, et al.
Development and evaluation of a health-related quality of life questionnaire
for the elderly with dementia in Japan. Int J Geriatr Psychiatry. 2002;17:851–
8. doi:10.1002/gps.711.
28. Smith S, Lamping D, Banerjee S, Harwood R, Foley B, Smith P, et al.
Measurement of health-related quality of life for people with dementia:
development of a new instrument (DEMQOL) and an evaluation of
current methodology. Health Technol Assess. 2005;9. doi:10.3310/
hta9100
29. Mulhern B, Rowen D, Brazier J, Smith S, Romeo R, Tait R, et al. Development
of DEMQOL-U and DEMQOL-PROXY-U: generation of preference-based
indices from DEMQOL and DEMQOL-PROXY for use in economic evaluation.
Health Technol Assess. 2013;17. doi:10.3310/hta17050
30. Mulhern B, Smith SC, Rowen D, Brazier JE, Knapp M, Lamping DL, et al.
Improving the measurement of QALYs in dementia: developing patient-
and carer-reported health state classification systems using rasch analysis.
Value Health. 2012;15:323–33. doi:10.1016/j.jval.2011.09.006.
31. Arons AMM, Schölzel-Dorenbos CJM, Olde Rikkert MGM, Krabbe PFM. A
simple and practical index to measure dementia-related quality of life. Value
Health. 2016;19:60–5. doi:10.1016/j.jval.2015.07.011.
32. Moniz-Cook E, Vernooij-Dassen M, Woods R, Verhey F, Chattat R, Vugt MD,
et al. A European consensus on outcome measures for psychosocial
intervention research in dementia care. Aging Ment Health. 2008;12:14–29.
doi:10.1080/13607860801919850.
33. Moyle W, Murfield JE. Health-related quality of life in older people with
severe dementia: challenges for measurement and management. Expert
Rev Pharmacoecon Outcomes Res. 2013;13:109–22. doi:10.1586/erp.12.84.
34. Department of Health. Guidelines for preparing submissions to the
Pharmaceutical Benefits Advisory Committee (version 4.5) [Internet].
Canberra: Commonwealth Government of Australia; 2015. Available: https://
pbac.pbs.gov.au/content/information/printable-files/pbacg-book.pdf.
35. Edelman P, Fulton BR, Kuhn D, Chang C-H. A comparison of three methods
of measuring dementia-specific quality of life: perspectives of residents,
staff, and observers. Gerontologist. 2005;45:27–36. doi:10.1093/geront/45.
suppl_1.27.
36. Moyle W, Beattie E, Draper B, Shum D, Thalib L, Jones C, et al. Effect of an
interactive therapeutic robotic animal on engagement, mood states,
agitation and psychotropic drug use in people with dementia: a cluster-
randomised controlled trial protocol. BMJ Open. 2015;5, e009097. doi:10.
1136/bmjopen-2015-009097.
37. Brazier J, Rowen D, Mavranezouli I, Tsuchiya A, Young T, Yang Y, et al.
Developing and testing methods for deriving preference-based measures of
health from condition-specific measures (and other patient-based measures
of outcome). Health Technol Assess. 2012;16. doi:10.3310/hta16320
38. Rowen D, Brazier J, Young T, Gaugris S, Craig BM, King MT, et al. Deriving a
preference-based measure for cancer using the EORTC QLQ-C30. Value
Health. 2011;14:721–31. doi:10.1016/j.jval.2011.01.004.
39. Brazier J, Tsuchiya A, Yang Y. A Condition-Specific Preference-Based
Instrument: The Asthma Quality of Life Utility Index (AQL-5D) [Internet].
Rochester: Social Science Research Network; 2007. Report No.: ID 992730.
Available: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=992730.
40. Yang Y, Brazier J, Tsuchiya A, Coyne K. Estimating a preference-based single
index from the overactive bladder questionnaire. Value Health. 2009;12:159–66.
doi:10.1111/j.1524-4733.2008.00413.x.
41. Brazier J, Czoski-Murray C, Roberts J, Brown M, Symonds T, Kelleher C.
Estimation of a preference-based index from a condition-specific measure:
the King’s Health Questionnaire. Med Decis Making. 2008;28:113–26. doi:10.
1177/0272989X07301820.
42. Kolenikov S. Confirmatory factor analysis using confa. Stata J. 2009;9:329–73.
43. Andrich D, Sheridan B, Luo G. RUMM2030: a windows program for the
analysis of data according to Rasch unidimensional models for
measurement. Perth: RUMM Laboratory; 2010.
44. Tennant A, Conaghan PG. The Rasch measurement model in rheumatology:
What is it and why use it? When should it be applied, and what should one
look for in a Rasch paper? Arthritis Rheum. 2007;57:1358–62. doi:10.1002/art.
23108.
45. Pallant JF, Tennant A. An introduction to the Rasch measurement model: an
example using the Hospital Anxiety and Depression Scale (HADS). Br J Clin
Psychol. 2007;46:1–18. doi:10.1348/014466506X96931.
46. Waugh R, Chapman E. Analysis of dimensionality using factor analysis (true
score theory) and Rasch measurement: what is the difference? which
method is better? J Appl Meas. 2005;6:80–99.
47. Wright BD, Masters GN. Rating Scale Analysis. Rasch Measurement.
[Internet]. Web site: http://www.rasch.org/rsa.htm.
48. Hoe J, Katona C, Roch B, Livingston G. Use of the QOL-AD for measuring
quality of life in people with severe dementia—the LASER-AD study. Age
Ageing. 2005;34:130–5. doi:10.1093/ageing/afi030.
49. Coast J, Peters TJ, Natarajan L, Sproston K, Flynn T. An assessment of the
construct validity of the descriptive system for the ICECAP capability
measure for older people. Qual Life Res. 2008;17:967–76. doi:10.1007/
s11136-008-9372-z.
50. Coast J, Flynn T, Sutton E, Al-Janabi H, Vosper J, Lavender S, et al.
Investigating Choice Experiments for Preferences of Older People (ICEPOP):
evaluative spaces in health economics. J Health Serv Res Policy. 2008;13:31–7.
doi:10.1258/jhsrp.2008.008024.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Nguyen et al. Health and Quality of Life Outcomes _#####################_ Page 10 of 10
